Temperature was observed in the upper 80 m by moored thermistor chains at three locations in Rockall Channel west of Scotland. Isotherms were interpolated, and a 1-week period of exceptionally energetic tidal oscillations was analyzed. The moored array (horizontal separations ranging from 6 to 20 km) was used as an antenna to determine the dominant horizontal wavelength and direction of propagation of the internal tide within the array. Rockall Bank, 100 km to the southeast, was identified as the source of the internal tide. The semidiurnal internal tide generated by the interaction of the surface tide with Rockall Bank was simulated by use of a model due to Prinsenberg and Rattray. The model predicts generation of the internal tide at the shelf break and propagation seaward as energetic beams which lie along internal wave characteristics. Some energy is trapped near the surface in association with the pycnocline. There is substantial structure in the velocity and vertical displacement fields. Most of the total energy of the internal tide is in the first vertical mode. However, at particular depths, vertical modes as high as 4 (horizontal wavelengths of 25 km) dominate. The high degree of spatial variability in the modeled internal tide illustrates the potential for error when basing a description of the tide on sparse observations. There is good agreement between the modeled vertical displacements and the 1-week period of energetic oscillations of isotherm depth observed at the moorings. In addition, there is good agreement between the model and the tidal velocity variance measured during the same week at depths ranging from 10 to 1000 m and distances ranging from 50 to 130 km from Rockall Bank. Richardson numbers associated with the vertical shear of the modeled internal tide range down to values less than 2.
INTRODUCTION
It is now generally accepted that the internal tide is generated by the interaction of the surface tide with bottom topography [e.g., Hendershott, 1981] . However, observations of the internal tide in deep water have seldom been unequivocally identified with generation at a particular topographic feature. Regal and Wunsch [1973] found that the internal tide south of Cape Cod was intensified and coherent near the surface. They attributed the intensification to generation on the continental slope about 60 km away and subsequent propagation of energy along internal wave characteristics which approached the surface at the point of observation. Hendry [1977] analyzed moored measurements of temperature and velocity in the western North Atlantic and concluded that the Blake Escarpment 700 km away was a major generation area for the observed internal tide. There have also been measurements on the continental slope [Torgrimson and Hickey, 1979] which demonstrate generation on the slope and propagation along characteristics.
• Theoretical models of the generation of the internal tide over topography have grown in sophistication over the past 2« decades. The earliest models describe generation in a twolayer fluid [e.g., Rattray, 1960] . The limitations of a two-layer fluid were overcome by Rattray et al. [1969] , who investigated generation on a step continental shelf in an ocean having constant buoyancy frequency N. This work was continued by Prinsenberg et al. [1974] for the case of a sloping continental shelf and further extended for variable N by Prinsenberg and Rattray [1975] . Baines [1973 Baines [ , 1974 has developed a model for generation of the internal tide in an ocean with nearly arbitrary bottom topography and density stratification. The models predict strong generation of the internal tide at the shelf break where the bottom slope is greater than or equal to the slope of the local internal wave characteristic. The internal tide generated at the shelf break propagates seaward along Copyright 1986 by the American Geophysical Union. In this paper we analyze observations of the internal tide and compare them to a model. The analysis is concentrated on a 1-week period of exceptionally energetic oscillations observed west of Scotland during the Joint Air-Sea Interaction (JASIN) experiment. The topographic source of the observed internal tide is identified, and the generation and propagation from this source are simulated with a model due to Prinsenberg and Rattray [1975] . The model has a step shelf and depth-dependent buoyancy frequency. Predicted vertical displacements and tidal velocity variances are compared with observations. The spatial variability of the internal tide is described, and its contribution to shear-induced mixing is evaluated.
OBSERVATIONS
As part of the JASIN experiment [Pollard et al., 1983] , observations of temperature were taken from late July to early September 1978 by use of thermistor chains moored in Rock- The time series of isotherm depths from the B moorings were divided into segments of 1024 points (nearly 1 week; see Table 1 ), and spectra were computed. Spectra of isotherm displacement at a mean depth of 50 m are shown in Figure 3 . The spectral level at mooring B4 is higher on average than the level at B1 or B2, but levels are similar at the frequency of the semidiurnal tide (0.0805 cph). The tidal peak is the most prominent feature in the spectra and is larger than the spectral estimate at the inertial frequency (0.0714-0.0716 cph) by a factor of 4 or more at all three moorings. At frequencies higher than the semidiurnal tide the spectra decrease with a slope of about co-• except for a small peak at twice the semidiurnal frequency. A general discussion of internal waves observed during JASIN is given by Levine et al. [-1983 ].
The spectral levels and coherences in the semidiurnal tidal band calculated over nearly week-long segments during the experiment are shown in Figure 4 . For each segment, three raw spectral estimates were averaged in the frequency band extending from 0.0732 to 0.0908 cph. The temporal variation of variance in the tidal band (Figure 4a ) was similar at moorings B1 and B2. The variance at all moorings was the greatest during segment 4. High horizontal coherence was observed between moorings B1 and B2 during segment 4 at all depths, and coherence decreased as the variance fell during segment 5 (Figure 4b ). The maximum variance at mooring B4 was larger than at the other two moorings, but coherence at the larger horizontal separations (B1-B4 and B2-B4) fell slightly during segment 4. The high variance in the tidal band during segment 4 was also accompanied by very high vertical coherence for all vertical separations at all three moorings. Figure 4c illustrates this for mooring B2. Note that the low coherence during segment 3 is not necessarily representative of moorings B1 and B4 but that the high coherences during segment 4 occurred to the same extent at all three moorings. In the section that follows we analyze segment 4, the 1-week period during which the tidal variance observed at the B moorings was exceptionally high. the origin also represents a wave with a wavelength near 36 km but traveling toward the southeast, about 155 ø to the east of north. These two peaks closest to the origin are the most likely solutions. All peaks farther from the origin are interpreted as aliases of the main peaks. These aliases occur because there may be integral multiples of waves between the moorings in addition to the fractional waves associated with the peaks closest to the origin. The wavelengths associated with the aliased peaks are short, 12 km or less. The true spectral density at these wavelengths is likely to be less than the density at longer wavelengths, because we expect that the longer waves will be more energetic at the point of generation and that they will be less easily dissipated. (Table 4) .
DISCUSSION
The analysis (section 3) of the energetic oscillations of isotherm displacement observed at the B moorings showed that the internal tide had a horizontal wavelength of 36 km at a depth of 50 m within the moored array. This wavelength may be compared with the wavelengths associated with the vertical mode solutions (6) for horizontally propagating free waves. The wave numbers, wavelengths, and phase speeds of the first five vertical modes at tidal frequency are given in Table 3, The modeled spatial variability of semidiurnal tidal amplitude and wavelength (Figures 11 and 12) illustrates the potential for error when describing the internal tide based on sparse measurements. We observed a wavelength characteristic of mode 3 at a depth of 50 m within the B moored array. This wavelength is consistent with the model at the B moorings ( Figure 14 and Table 2 ), but it is impossible to generalize to other depths and locations because of the spatial variability expected on the basis of the model (Figures 11 and 12 The internal tide generated by the interaction of the barotropic tide with Rockall Bank was simulated by use of a model due to Prinsenberg and Rattray [1975] , which has a step shelf and a depth-dependent buoyancy frequency. The modeled internal tide exhibits a large degree of spatial variability (Figures 11, 12 , and 13) which is associated with beams propagating from the shelf break along internal wave characteristics (Figure 9 ). Tidal energy is also concentrated near the surface, in association with the seasonal pycnocline. In the aggregate most of the modeled tidal energy is in the first mode, but at particular depths, modes as high as 4 (wavelengths of 25 km) contain most of the energy (Figure 13 ). The spatial variability in the modeled amplitudes and wavelengths illustrates the potential for error when drawing conclusions about the structure of the internal tide from sparse observa- There is good agreement between the modeled internal tide and the 1-week period of energetic displacements observed at the B moorings 100 km from Rockall Bank (Figure 14) . In addition, tidal velocity variance measured during the same week at depths ranging from 10 to 1000 m also agrees with the model (Figure 12a and Table 4 ). We conclude that a relatively simple theory [Prinsenber,q and Rattray, 1975] can, under some conditions, successfully simulate the internal tide at distances up to 100 km from the point of generation.
